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(54) Title: THERAPEUTIC COMPOSITIONS 



(57) Abstract 



Compositions comprising Icetone bodies and/or their metabolic precursors are provided that are suitable for administration to humans 
and animals and which have tiie properties of, interalia, (i) incieasing cardiac efficiency, particularly efficiency in use of glucose, (ii) for 
providing energy source, particularly in diabetes and insulin resistant states and (iii) treating disorders caused by damage to brain cells, 
particularly by retarding or preventing brain damage in memory associated brain areas such as found in Alzheimer's and similar conditions. 
These compositions may be talten as nutritional aids, for example for atiUetes, or for tise treatment of medical conditions, particularly those 
associated with poor cardiac efficiency, insulin resistance and neuronal damage. The invention further provides methods of treatment and 
novel esters and polymers for Inclusion in the compositions of the invention. 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States paity to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Annenla 


Fi 


Finland 


LT 


Lithuania 


SK 


Sk^valda 


AT 


Austria 


FR 


Prance 


LU 


Luxembourg 


SN 


Senegal 


AU 


Austialia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azeibaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


IVfexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzsian 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cfltc d'lvoire 


KP 


Democratic Ptople's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Pbland 






CN 


China 


ICR 


Republic of Korea 


PT 


Partugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


S6 


Sing^^re 







wo 98/41201 PCT/US98/05072 



THERAPEUTIC COMPOSITIONS. 
Hie present invention relates to compositions suitable for administration to humans 
and animals which have the properties inter alia, (i) increasing cardiac efficiency, 
particularly efficiency in use of glucose^ (ii) for providing energy source, particularly in 
S diabetes and insulin resistant states and (iii) treating disorders caused by damage to brain 
cells, particularly by retarding or preventing brain damage in memory associated brain 
areas such as found in Alzheimer's and similar conditions. These compositions may be 
taken as nutritional aids, for example for athletes, or for the treatment of medical 
conditions, particularly those associated with poor cardiac efSciency, insulin resistance and 
1 0 memory loss. The invention further provides methods of treatment and novel esters and 
polymers for inclusion in tiie compositions of the invention. 

Abnormal elevation of blood sugar occurs not only in insulin deficient and non 
insulm dependent diabetes but also m a variety of other diseases. The hyperglycaemia of 
diabetes results fiom an inability to metabolize and the over production of glucose. Both 
1 S types of diabetes are treated with diet; Type I diabetes abnost always requires additional 
insulin, whereas non-insulin depmdent diabetes, such as senile onset diabetes, may be 
treated with diet and weight ioss> although insulin is increasingly used to control 
hyperglycaemia. 

Increased sympathetic stimulation or elevated glucagon levels, in addition to 
20 increasing glycogenolysis in liver, also stimulate &ec &tty acid release from adipocytes. 
After acute myocardial infarction or during heart failure, increased sympathetic nervous 
activity or administration of sympathomimetics accelerate glycogcnolysis, decrease release 
of insulin from P cells of the pancreas and cause relative insulin resistance. While the 
importance of diet, or substrate availability, is taken as a given in the treatment of diabetes, 
25 the critical effects of substrate choice in insulin resistant states has not been widely 
appreciated or applied in clinical practice. Instead contemporary interest has focused upon 
the complex signalling cascade which follows the binding of insulin to its receptor. This 
increasingly complex cascade of messages involving protein tyrosine kinases and 
phosphatases, inositol and other phospholipids, while holding promise for the ultimate 
30 understanding of non-insulin dependent diabetes, has yet to provide significant new 
therapies for either diabetes or insulin resistance. 
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Leaving a.ide the longer te™ effects of insulin on growth, the acute metaboKc 
effects ofinsullnhave been though to beaccoumed for by actionatthn*™^^^ 
steps m the conversion of glucose to CO,. Firstly insulin promotes th« iraaslocaion of *e 
glucose transporter, G]ut4, from endoplasmic reticular to plasma membranes, thus 
5 increasing the transport of glucose fiom the exua to intracellular phase.(see lefe. 1 and 2) 
Secondly, insulin increases the accumulation of glycogen. This has been attribwed to 
dephosphorylation of glycogen synthase (3) by protein phosphatase 1. Tlurdly insulin 
stimulates the activity of mitochondrial pyruvate dAydrogenase multi^me complex (4 
and 5) through dephosphorylation by a Ca- sensitive (6) intramitochondrial protein 
10 phosphosphatase. 

An important, but poody understood effect of insulin is its use in cardiac disease 
^vhere in combination with glucose, potassium chloride and GK, it improved 
electrocardiographic abnormaUdes accompanying myocardial inferction (7 and 8) and 
unproved cardiac performance after post p«„p snmning (9). This treatment has been 
15 advocated recently for a number of oAer serious cardiac diseases (10 and 11) Ti,e 

beneficial effects of GIKinfi^ionhavebeenattributedtoitsahiUty to decrease free fi^ 
a«d release and improve membrane slabflity (12). However, other more recent ^± 

suggests more fundamentalt^asons. In heart cells that are anoxic, glucose is the only fuel 
capable of providing the ATT necessary to mainain viabiHty (13). 
20 Administration of ghicose plus insulin would increase the availabUity of 

mtracellularglucoseprovidingasoutceofATPprodnctionintheabsenoeofO^^ Whilethis 
would explain certain beneficial effects, it would not account for the correction of EKO 

abnonnalities northeimprovedcardiac index inhearts treated with GKbecaus^ 
acdvtty and caniiacworkrequitesactively respiring cari^ 

25 «<>«candthereforewitho«electricdac.ivityortheabifitytoperfom.mech^ 

Understandmgtheen23.naticsitesofinsulin'8actiondoesnot.byitself,define4^ 
cffectsofinsulindefidencyuponthec^nularmetabolismorphysiologicalfb^^^ How 
insulin acts at this larger level can best be understood by looking at the way natun, deals 
withmsulindeficiency. Tie natural compensation for decreased insulin during fasting is 
30 theacceleratedhepaticconversionofthefreeattyacidstotheketonebodiesraisin^ 

D-P-hydroxybu,ytateandacetoace«uetoabout6mM. At these levels, ketones, rather than 
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«^ ^ 

*«m««v. ov=p„d«»i<,„ b. fife ,•„ .^uc 

phases and the physiological perfomiaiice of heart. 

15 -ha. sud, k««,. bodies «, also p,o,iae . 

4«P«.a. appoaeh „ ft, ^ „f ^ _^ ^ ^ 

s.«-.gpa*«^^disort.,ed«^i„co*o,^rt>«U,ee«ciency,fc«te^ 

wo*isdec,.^,for».ubolic:«so^TUto.e.«basd.«™.d4.,„seofle,^ 
^cshasr..adva,.geo»r««,fi^i«tf6,^^^„^^^^^ 

ft»nU,ed.scnpaooMo„,«,«„offtes.b.in,d„din,i«ioncfcrt»l,^i^ 

control otherwise necessary. 

He presem ^liea^^ ^ ^ ^ „e«,odeg«^ 

d.e3s.s,p,rtc^di„,«^^„^„,^^^^^^ 
'^--hasp^e^pia^a^S^^^^^^^^ 
25 and the aforesaid disorders. 

^^■'''i»««««8'«toB,l«e,o,e««„p^.f,„^^ 
"U^logu:,, diseases cha«c«»ip.U«,,,,i«^b,.^^ 
l»au..ndcli„ic^ybyi„p,i„^^^,^,^^^^^ 

2":"'^'^°'^''*-««^-»»«-ic«-.spo,^e.s.s. 
30 -*»«a.app.^,«,hi,«yo,ftedis.«,a,so,cc.. Fo,e«^,epa.bo.ogica, 

<*3«8» cha^^U. o, Ahhei^er's disease occu, aSe, «^ ^3, or 1 
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u^flaannatory diseases stunulanng pxoduction of the cytokine imerieukin-1 (97) 

The early sympton. of the disease is loss of recent memory associated ^ 
unpa^ent and death ofcell in the hippooan^u^accounti.^ for the eaHyi. 
rccenttnemory. Measur«tent of the hippocantp^ voltes using magnetic resonance 
unagmg (MRD ^ows that atrophy of hippocampus occ.« prior to the clinical onset of 

n^nory loss and progresses withaloss of voI«nteofabo«8o/.peryear during theZycars 
over whidi symptoms first appeared (70). 

The diagnosis of Alzheimer's disease is made clinicaUy by this impairment in 
«cem manory. associated with lesions in the hippocampal portion of the temporal lobe 
Neuropathologicdly.the diagnosis depeadsupon the finding of neurt.M^^ 
vdthintheceUs. amyloid orsenileplaquesin the extraceUdarspaceandloss of ne^^^ 
number(61).Tlteneurofibrillatory tangles an. comprised of paired hyperphosph^^^^ 
tau protein, whose usual fimction in the cell, when not phosphorylated. is to bind to and 

stabilize tubulinin its formationof microtubules ^thintheceU.Hypen,h^^^^^ 
mis catalysedby glycogen synthasekinase3p.amongoth« 
by protein phosphatase 2A«1, 2B or 1(108). 

However, there is notnecessarily a clear, bright line between the pathological brain 
cl^ngesandthc memory deficits whichoccurpremamrely in Alzheimer'sd^ 
pathological changes in brain anatomy and memory fimction which are found in the 
"normal" aging population. Rather the difference is a quantitative one dependent upon 
rate (94). Such changes in memory function in the normal aged a« also accompanied by 
a decreased glucose tolemnce ^gnifjdng an inability to metabolize glucose, m such 
situations, treatmems aimed at rectifyingthepath^ 

<^--«=.-^<ibeexpectedtobeapplicableto,hec«rectionofthemeta^^^^ 

25 associated with nonnal aging. 

^^eAlzheimersdiseaseofthetoilialorthe^typeis^ 
found m the aging population, other types of dementia are also found. Tlxese include but 

arenotlimitedto:thefio„to-temporaIdegenetationassociatedwi* 

dementia, senile dementia of Lewy body tvue d«T,«,t« ^fu u- 

'°°°y y^e. flementia of Parkmsonism with fix)ntal 
JU atrophy, progressive supranuclear nalsv s,nA «vwf,v-.u i j 

I' *.icar paisy and corttcobasal degeneration and Downs 

syndrome associated Alzheimere' Plame f/>™,»i«- • . 

ers . riaquc formation is also seen in the spongifonn 
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enc.;4„,p>te -1. « OD. scapl. «ri BSE. 71. p,«™ i, „ 

protem plaques, eg. amyloid plaques. 

M«.y of 3fo«aid w««ly c«Kl«i™s bavc 4. 

PDH »mpl„ p^ducing , ^ ^ .....^ ^ 

««yl choli., fo«,d to Aizbef^, dW i^™, ^ 

^pr««„ to«.„, tas d««™^ ,ta to 4is :«p«, ^j^. „ 

<ii«a»es,s>,ch.smy.sthcni.p^.„i,„,^j,^j, ^ 

a»-py. 0=»rtc smto AbMm«'= 
onset f.:„ ,„ ^ „„„^ 3, ^ 

pro,.MAPPX73,. . ™.™„*^ „^ ^ ^„ , . ^ 

^™^of ttis pronto .„ d«i«4 by prccd,^ ^ ^ ,,,3.^ 

also been rdatrilo .presHilto 1 to«o on cfcremojoiM R 

'^'^•»«'»ofA14eto«.,dis..«i,.«„i^^^^^^^_^^^ 
«ol.pop.,.to E on .1^^ ,9, ^ ^ 

A« ^ ^ to«a«d ^ „ ^ 

' ""^ "^o- <«. meny of *c paa»,>.8icei 

chaiactenstics of Alzheimer's disease (90). 

TT.e cunent status of Wledgc on the defective genes and gene produas in 
Alzhenner's disease has recently been summarized (Table 1 of ref 96). 
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Chromosome Gene Defect 
21 PAPP mutations 

apoE4 polymorphism 



Age of Onset Ap Phenotype 
50's 



14 
1 



Prcsenilin 1 mutations 
Presenilin 2 mutations 



60'sor> 

40's&50's 
50's 



* Production of total Ap 
peptides of Ap,^2 

* density of Ap plaques and 
vascular deposits 

] production of Ap,^2 
' production of Ap,^2 



It « dear from the above table that the conunon phenotype associated with the 
genettc fonm of Alzheimer's disease is the accumuladon of the amyloid peptide Ap, 
(96). It « this AP,., v*ich inactivates PDH thus impairing mitochondrial energy and 
citrate production in nonnaUy obligate glucose cotisuming tissue (95) and at the same time 
unpa,ringsynthesisofthecriticdneurotransmitter.acetylcholine(6^ TTur application 
15 of AP,^ to neuronal cells is associated with the downregulation of the anti-apototic protein 
bd-l and increases levels of bax. a protein known to be associated with cell death (9-) m 
addition to amyloid plaques comprised of A3,.,, neurofibrillatoiy tangles comprised of 
hyperphosphorylated tauprotein, and decreased bnan acetyl choline levels. ceU death is the 
fourth pathological characteristic of Alzheimer's disease. TT^ese pathological 

characteristics can be related, at least in part, to excess AP,^ and its inhibition ofPDH 

Modest dinical improvement in symptoms can occur by treatment with acetyl 
choline esterase inhibitors (57). presumably by increasing cholinergic efermts originating 
m the septal nuclei and traversbg Broca's diagonal band to hippocampus in the anterior 
portion of the limbic system of brain. However the progress in the molecular biology of 
25 Al2heimer'sdiseasehascausedtheseardtfornewtherapies,oconcemrateupon 

areas (96): (i) protease inhibitors that partially decrease the activity of the enzymes (P and 
r secretase) that cleave Ap (P amyloid fiagments) fiom PAPP (P amyloid precur^r 
proteins); (ii) compounds that bind to extracellular AP that prevent its cytotoxic e&cts- 
(n.) bram specific anti-irflammatory drugs that blodc the miaoglial (brain macrophages) 

acuvation.cytoldnerelease, and acute phaseresponse that occur in a&ctedbr^ 
and (IV) compounds such as antioxidants, neumnal calcium cham,d blocks or 
anttapoptotic agents that interfere with the medumisms of Ap triggered neurotoxicity. 

The therapy which the presew inventor now proposes differs from the four 
approad,es listed above in that it bypasses the block in metabolic energy production 



30 
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resulting from inhibition of PDH by Ap,., by adndni«ering ketone bodies or their 
prccuxsors. Neuronal ceUs are capable of meurf«,Jizing such compounds even m the 
presence of a deficiency of glucose, the nonnal energy «,b3t«»e for brain (63). Because 

ketones can increa:^ the AG of ATP hydrolysis, the gradientsofbothiwracdlularN^^ 
Ca^ ^ will be increased, preventing cell death associated with increased imraceUular Ca2+ 
Futthetmore. the increase in dlrate generation by the Krebs cycle will provide when 
translocated into cytoplasm, a source of cytoplasmic acetyl CoA recpmed to «mJdy the 
deficiency of acetyl choline characteristic of Alzheimer's biains. 

TT^e elevation of blood ketones necessary to coi«ct these metabolic defects can be 
accon^pUshed by parenteral, ente™. means or dietary means and does not require the 
administration of potentially toxic phamiacological agents. 

Tliere has been long experience wiAketogenic diets inchildrentiCHted for 

Such diets are hov^vertn^uitableforuseinaddtsduetoadverseefects on thecircu^ 
system. TTie present inventions application of ketone bodies should provide all the 
1 5 therapeutic effects of such diet, which is not itself found to be toxic in children, with none 
ofthe side effects thatrenderitumisedadults. Furthermore, the mventor has determined 

that with the correction of the aforesaid metaboKc defects, cytokine responses and 
mcrease in apoptotic peptides in degenerating cells will decrease due to the mciease in 
neuronal cell energy status and the increased trophic stimulation resulting fiom increased 
20 acetyl choline synthesis. 

Since the priority date of this application, EP 0780123 Al has been published 
v^chrelates to use of acetoacetate. IWiydroxybutyrato. monhydric. dihydric or trihydric 
alcohol esters of these or oUgomers of P-hydroxybutyrate for suppressing cerebri edema, 
protecting cerebral fonction, rectifying cerebral energy metabolism and reducing the extent 
25 ofcerebralinfarction.Itshouldbenotedhowcver.thatithasbeenknownsince 1979that 
sodtumhydroxybutyrateincreasescerebral circulation and regional vasomotor 
up to 40O/O (BiuIl.Eksp.Biol.Med Vol 88 1 1. pp555-557). Jt. treatment that the present 

mvemornowprovides goes beyondsuche&ctson circulation as it provides treamtent for 
cells that are unable to function due to neurodegeneration. eg caused by neurotoxic 
JO agents-such as peptides and proteins, and genetic abnonnality. Tie treatment involves 
acuon of ketone bodies on the celU themselves and not the flow of blood to them 
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to «tfSd« „ nise U.^, ^ 

,«ul. ia a»,c to ^Ic „^«^„ ^^^^ ^ 

(low „ Mrttton. I. 4i„«p«, i„,,^^ ^ ^^^^ ^ ^ ^ 

«n,. «touto ftoon, ie. neve g,o«h Sc^, ^ ftc,o„ ,3^,. ^ 
«ta=cd ^ „ 

degredation. 

The recent work of Hoshi and coUaborators (77, 78) smjngly suggests that a part 
of theamyloidproteb^^ose accumulation is the hallmarkofAlzhein^^^ 
-^-^--chondrialMstidineproteinldnasewhichphosphorylates^ 
15 pyruvate dehydrogenase muhienzyme complex. Tke PDH complex is a mitochondrial 
enzyme responsible for the generation of acetyl CoA and NADH from the pyruvate 
produced by glycolysis within the cytoplasm. TTie mitochondrial acetyl CoA formed 
condenses with oxaloacetate to start the Krebs TCA cycle completely combusting pymvate 
to CO, while providing the mitochondria ^th fl. reducing power which becomes the 
20 substrate for the electron transport sys,«n through which the energy required for 
mitochondrial AIT synthesis is generated. PDH thus stands at the crossroads of the two 
nmor energy producing pathways of the cell, glycolysis and the Krebs cycle, clearly 
serves a critical fimction in living cells. 

■n^'earctwomajorconsequencesoftheinhibitionofPDH. Firsdy. in neuronal 
25 ^".-WchundernormalmetaboUcconditionsaretotallydependent^^^ 
energy production, inhibition ofFDHresdlsinaloweredeffici^^^ 

aoweredenergy of hydrolysis ofATP.adec^aseinbothacetylCoAandthemetabo^^^^ 
of .he firs. 1/3 of the TCA cycle and a deficiency of mitochondrial NADH (95). A decrease 
.n the energy of ATP hydrolysis leads to increased intraceUular Na* ^d Ca> loss of 
30 ceUularFrand„ltimatelyceUde«th(86). Hippocampal cells, critical for the fciation of 
n««rtmemories.areparticulariy sensitive toanumber of forms ofinjury.^^ 
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* ""^ of PDH iiibidon u . drtci^cy o£,„h«cho,*al 

cn«» (95,. c™. „ i« ^ ^ 

' (EC 4.1.3.8) in Uureaoioii: 

ciwe' + Air * 0,ASH > ac«,l CoA + o«loacea«- + ADI* ^ „P0>- 
7i.««ylCoAtocon>l*«srtAcboliB.d^4e^rf^^^,J^ 
(EC 2.3.I.S) lofonn acetyl choline intiiereection: 

ckoline • + acelyl CoA > CoASH ♦ aceq-I cioline" 
N.^„doul,™of«^clbe,po«d„,^Aft^S,j,^^^^^j^^ 

«eo.l choline prodncdon of ov.rfivefcld(78,«ia,.odec»«inft,,ctf,i,,„fcto,i„. 
ac^yl ^nrfense. He inf.^ ^ ^ ^^^^^^^^^^ ^ 

«e,yICoAdue»inhibi,i«n„ffl„PDH.«.pte=^byrt™a^rf4.;yjj^ 
prolern kinase and subseqvienl pbMiilioiylalion of PDH (77). 

A. expUined above isohttd «^ to« ^ ^ 

™ho„in«*a«i=.fflci««a«ih»,oin,p^,,i,«i^ Tim 
defec, m ceUuia, onerg, l».*«i„. c«, b. oon^, ^ by 4, ^^^^^.^ , 
phys»lopcal,«ioofk«on.b„««co.«an,of4n*lD^b,d„^^,^ , ^ 
««~c«a.(,S). B«in«»th«,gh,„b.o.p.bl.,f^,n„^^„i^^,.. 
»=.iys««..nd»b.in«,Stfv.tod».cSon.ofin»li,. Ho«ve,, in a «„^le 
chn.calsnKiype*nn«iinl«;7,G.o,8.CabiU«rfhi.collab««o„(47)A^ 
» of *e bnun-, fcr n««„lic ene,g, «^ b. m« by lc««,. bodie, in obese 
patas nndergoin, p„„o„^ ^ CahiH sho»ed 4m 

whose bUx^, hydnixybn,,™ ™ 5^ ^ and acetoaceuie 2 n^^ (see Figu« 3 fton, 
-ef «3). Cl«ri,, ^en k«ooe bodies are p,e«n, in 6e bl«»i a. levels above 5 nM *ey 

a« able » substime for *e hain-s «al 6, glucose and aboUsh .he hypogly^ennc 
symptoms expected at blood glucose levels of 1 .5 mM 

Ketone body utUization in brain is limited by the transport, with lesser utili^on 
occtirring in the basal ganglion at blood levels below 1 nM 06). However, at levels of 
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hypoglycemic symptoms, even in the face of Ki/v^ i , . . , 

«^ in lae lace of Wood sugar levels v/bich would nomaUv 

cause convulsions or coma (63) . 

^^«*«»v««orshypothcsisthatinAlzhe™er'sdisease.wh 
PDH Which prevents the nonnaj energy production torn glucose, if one can provide 
elevated, eg. nomtal festing levels of ketone, one can bypass the PDH blockade present 
mthese patients thereby preventingceildeathdueto energy depleti^^ 
stmuhdon and thus slow the progression of the memory loss and dementia. 

Furthermore, utilising the nerve growth/stimulatory effect, of the ketone bodies 
particularly D-P-hydroxybutyrate or a physiological ratio of this ,^th acetoacetate cells' 
that a« still viable can be caused to improve beyond the state to which theyhave 
degenerated and accordingly some improvement of fimction will be seen in patients 

Infed animals and inmantheUver content, whichisesscntiallythatofblood of 
acetoacetate is very low at0.09mMa„dD.pi^droxyb«tyn.teis0.123mMbutrisesaftet 
a48hourfastto0.65mMacetoacetateandI.8mMD^hydroxyb«tyrate(84). Tl^kemne 
bodres rise in starvation because the fell in insulindecreasesthere^fica^^^ 

actds to triglyceride in adiposetissuecausingthe release of fteefettyaddsintoti^^ 
stream, ■"'-deasedfieefetty acids can then be taken up and used as a source of energy 
bymuscl,hear,kidneyandHverintheprocessofPoxidation. Over, however, has the 
capacity to convertthefieefe.tyacidstoametabolicfi„Uetones.forusebvex^^^ 
organs.incIudingthebrain,asanalternativetoglucoseduringperi^ 
bapaticsynthesisofketanebodiesoccursfiammi.ochondrial^^^ 
the P^Mdation of fatty acids by liver in the following set of reactions: 

Acetyl CoA + Acetyl CoA i-.!««-iteteP Actoacetyl CoA + CoASH 
Acetyl CoA + AcetoacetylCoA + HjO i'BioA'^ntjrf^ty^. HMGCoA 
IJMGCoA^^^'^^^^i^M^^ Acetoacetate -.Acetyl CoASH 
Acetoacetate^NADH^ir ^Hr^■>^.^,^^ DpHydroxybutyrate NAD^ 

Once made in theliver. ketone bodies are t^nsportedoutofthe liver i^to the blood 
stream by the monocarboxylate -H' co-transporter (20) by the following reaction: 
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acetoacetaxc'i^ + H*. . iteatesiss^ajt^ 

«^ tt> acetoacetate-^ + H" . 

rtc k«one bodies enter extxa-hepatic tissues on the san>c carrier, ^^ere other 
monocarboxylates can act as competitive infaiHtots. Unphj^ological isome. such as 
> D-lactate or L-p-hydroxybu^ also act as compe^tive inhibitors to ketone body 
transport S^ce ketone body transport actoss the blood brain barrier is the linutingfa^^ 
to ketone body utili«ioo in brain (76) every effon should be made to keep the blood 
concemrationoftheseui^hysiologicalenandomersatlowl^^^^ 
When blood ketone body concenteOions are elevated to levels found in starvation heart' 
xnusde, kidney aad brain utilize ketone bodies as the preferred energy substrate- ' 
Acetoacetate- f Succinyl' CoA ^ts^^^i^^^^^^^^ ^oA + Succinate^' 
Acetoacetyl CoA + CoASH -J^> 2 Acetyl CoA 
Acetyl CoA + Oxaloacetate'- -Sai2iffiS!!»> citiate^ + H* 
Citrate-'- — " Krebs TCA cycle 

The present inventor has thus deternuned that the mitochondrial ac^^ 
ketone bodies can thus replace the acetyl CoA deficiency ,^ch occurs during inhibition 
of PDH multienzyme complex in tissues dependent upon the metabolism of glucose for 
their supply of metabolic energy. Jke mitochondrial citrate su plied can also be 
transported to cytoplasm by the tri or dicarboxcylic acid transponer where it can be 
convened to cytoplasmic acetyl CoA required for the synthesis of acetyl choline Tie 
^acttons of the Krebs cycle are sho^^ i„ Scheme 1 to help iUustiate these concepts further 

Th. hver cannot utilize ketone bodies because it lacks the 3 Oxoacid CoA 
transferase nece^aryforthe formation of acetoacetyl CoA. Ketone bodies, in contrast to 
fiBe fetty acids, cannot produce acetyl CoA in liver. Since acetyl CoA is the essential 
precursor of fetty add synthesis through malonyl CoA and cholesterol synthesis through 
cytosolic HMG COA, ketone bodies cannot result in either incre^d fatty add or 
cholesterol synthesis in Uve, ,^ch usually accounts for over half of the bodies syrrthesis 
ofthesetwopotentiallypad^ogemcmaterials. Liver is sensitive to the lado of actoacetate 
/I^P-hydroxybutyratepresentedtoitandwiHalteritsmitochondri^ 

because of Ihe near equiUhrium established by P-hydroxybutyr«e dehydrogenase (EC 
1.1.1.30) (55) 
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TTieeasiest^vaytoinaeasebloodketonesisst^vation. On prolonged fasting blood 

ketones rcachlevdsof7.5n^(62. 63, However.thisoptionisnotavaiU^^^ 
term basis, since death routinely occurs after a 60 day fct. 

TTie ketogenic diet, comprised mainly of lipid, has been used since 1921 for the 
5 treatment of epilepsy in children, particularly n,yoclonic and akinetic seizures (109) and 

haspn,veneffectiveincasesrefiactorytousual pharmacological means (71). Eitheroi^ 
orpar^teraladministndonoffi^firtry acids ortriglycerides can incr^ 
provided carbohydmte and insulin are low to prevent re-esterification in adipose tissue ' 
Rats fed diets comprised of 70% com oil, 20% casein hydrolysate, 5% ceUdose 
5% McCollnms salt mixture, develop blood ketones of about 2 mM. Substitution of lard' 
for com oil raises blood ketones to ahnost 5 mM (Veech, unpublished). 

An example of a traditional 1500/day calorie ketogenic diet recommended by the 
Marriott Corp. Health Care Services, Pediatric Diet Manual. Revised August 19S7 as 
suitable for a ^ year old epileptic child contained from 3:1 to 4:1 g of fet for each g of 
15 combinedcarbohydrateandproteir. At each of3 meals the patient mm. eat 48 to 50 g fit. 

only6gproteinandl0to6.5gcarbohydrate.lnpmrtcethismeansthatateachmealthe 
child must eat 32 g of margarine per day (about stick) and drink 92 g of heavy cream 

(about IOOml).compiisedmainlyasm«Jiumchainlengthtriglycerides. 

An example of a diet achieving a 3:1 ratio of fet to combined carbohydrate and 
20 protem is given in Table 1 below. 
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diet 



protein 



Breakfast 
Egg 

apple juice 
margarine 
heavy cream 
Total Breakfast 

Lunch 
lean beef 
cooked carrots 
canned pears 
margarine 
heavy cream 
Total Lunch 

Supper 
Frankfmter 
Cooked broccoli 
Watennelon 
Margarine 
Heavy cream 
Total Simper 

Daily Total 



Amount (g) Fat(g) Protein (g) 



CHO(g) 



32 
70 
11 
92 



12 
45 
40 
14 
92 



22.5 
50 
75 
8 
92 



10 
34 
48 



1.75 



12.5 
34 

48.25 



7.5 
34 
47.5 



2 
6 



3.5 
0.6 



2 

6.1 



2 
6 

18.1 



3 

10 



3 
4 

3 

10 



2 
5 

3 

10 
30 



143.75 
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The liniitation of diets which n>iv i- -j 

CB wmcft rely upon lipid to raise blood ketones to 

™ on u,^ ,tU^^^ ,3,^„^^^ 

raceme 1,3 butandiol caused the MooJ i-. "iwoseor 
Zirr ! v*- - 
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10 a4limiaiaiTOotpio*i«iont.ftlieiBnamalisM^ 

=-on««d««dtapip(«^. Ona,dmtai,«so.ofabolusofad,««,n.ai^30%,f 

15 l»beiecomiiiei«teil6jri|MMsoiisstatedaljove. 

Whifc m. of «c«,ac U b««,Jiol i. ^ ^ ■»„econM«teI, fc 

of (R) ,,5 b«»«iiol c^H^^ alon, „ ^ .^.^ ^ 
TOUbmandio. ^^^^^ ^ _^ 

^.Uc [NADTINADH) » d«ca^ ISOO ,o .bo« ,000 ^ By =0^ 
.dm,».«,aUonofe,taoI„rf„«hq«^(N^„p^^,„^^^^^^^ ' 

*«'°-=^.«*"ft«"yP"P=»d.c.nb.«dini,,fi.sion«*^ 

fluids, acetoacetate has frequentiv been oivm «, +1.- *• ^ 

cquenuy oeen given m the foim of an ester. This has been done 

to mcn^aseits shelf life and increase its stability toheatd^ing sterilization 
strean,. esterase acti^ity has been estimated to be about O.l nunoynun/ml and in Uver 
about 15 nuno,/min/g(68). m addition to esters combimng 1,3 butandiol and acetoacetate 
there has also been extensive study ofglycerolesten of acetoacetateinpa^^ 
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y^nyoniS2l Such ™.we„ report,, 

high uptake of acetaacctete by gut celU and to be useful ia treatment of bums (85) 

However, nehber 1 3 bu,H«iiol. which fonns acetoacetatc. nor glycerol, which is a 
precu^or Of glucose, is panofthenonnal redox couple, D-Phydroxybuty^ 
For the present invention, under optlntun. conditions, a physiological ratio of ketones 

sfaoddbegivcn. If it isnot, in the whole anin^. the liver wiU adjust the ratioofk^^^^ 
in accordance with its o^ mitochondrial fiee [NADTfNADH]. If an abnormal ratio of 

ketones is given pathological consequences areadistinct possibility.^ 
perfusion with acetoacetate as sole substrate, rapidly induces heart failure (99) in contrast 
to rat hearts perfused with a mixture of glucose, acetoacetate and D-p hydroxybutyrate 
where cardiac efficiency was increased by a physiological ratio of ketone bodies (95). 

The best exogenous source of ketone bodies, which do not require ingestion of large 
amounts of lipid nor the use of material which produce the physiologically incompatible 
isomers L-Hydroxybutyrate would be ketone bodies themselves. HoM^ver the present 
mventon also provides alternatives for administration in thei^y. 

A first alternative are polyesters of D^l^dioxybutyiate. Natural polyesters of 
hydroxybutyrate are sold as articles of commerce at polymers of 530.000 MW fiom 
Alcahgenes eutrophus (Sigma Chemical Co. St Louis) or as 250.000 MW polymers for 

-gar beets (Fluka,Switzerland). The bacteriaptoducethepolymerasasomceofstoi^ 
nntnent. The fermemation of these polymen by bacteda was developed in the 1 970s by 
ICI in the UK and Solvay et Cie in Belgium, as apotentially biodegradable plastic for 
tampon covers and other uses. The system responsible for the syt«hesis of the poly D-p. 
hydroxybutyrate has now been cloned and variations in th. composition of the polymer 
produced, based on the substrates given to the bacteria demonstrated. However these 
polymers failed to be able to compete with petroleum based plastics. Nevertheless the 
genes respon«ble for the synthesis of polyalkanoates has been cloned and expressed in a 
number of micro-organisms (93, 102. 113) allowing for production of this material m a 
variety of organisms under extremely variable conditions. 

Poly D-P-hydroxybutyrate comes in a number of forms from different biological 
sources as an insoluble white powder with Uttle taste and no odour and is suitable for 
mcorporation mto compo«tions for oral or other means of administration. Esterases 
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capable of braking the ester bonds of this material an. ubiquitous in plasma and n,ost 
cells. Thesepoljonerare also easily split by alkalinehydrolysis in Vim, to 
po^cnc«lnunatingintheproductionofthen«,„a««rofMWl04.^ 
^8««P<'«^ vein by the nonnalnu,nocarboxylatc transporter. Alte^^^^ 
. hydrolysis may be earned out using the published method referred to in the Huka 
promotional material. 

PKfaied forms of D-p-hydxoxybulyiate polymer are oligomers of that ketone body 
designed to be readily digestable and/or metabolised by humans or animals TTxcse 
preferably are of 2 to 100 repeats long, typically 2 to 20 and most conveniently from 3 to 

lOi^eats long. Itvdllbcrcafisedthatmixtures Of such oligomers may beemploye^ 
advantage that a range of uptake characteristics might be obtained. 

Once the monomer is in the blood stream, and since liver is incapable of 

metabolizing ketone bodies but can only alter the ratio of D-p. 

hydroxybutyrate/acetoacctate. the ketone bodies are transported to extrahepatic tissues 

where they can be utilized. The blood levels of ketones achieved are not be subject to 

variation caused by noncompliant ingestion of carbohydrate, as is the case ^-th theprtse« 

ketogenic diet. Rather, they would simply be an additive to the oomal diet, given in 

sufficient amounts to produce a sustained blood level, typically of bet«^ .0.3 to 20mH 

moreprcfcrably2to7.5mM.overa24hourperiod,dependingupon the condition being 
trtated. In the case of resistant childhood epUepsy. blood levels of 2 mM are currently 
thought to be sufficient. In the case of Alzheimer's disease, at«mpts could be made to 
keep levels at 7.5 mM achieved in the fa^g man studies, in an effort to provide 
altemanve energy and acetyl CoA suppUes to brain tissue in Alzheimer's patients where 
PDH capacity is impaired because of excess amounts of A3,^ amyloid peptide (77 78) 

Tlie determination by the inventor that Wydroxybutyiate and its mixnires with 
acetoactetate act as anerve stimulant, eg. nerve growth stimulant and/or stimulant of axon 
and dcndnuc growth, opens up the option of raising ketone body levek to lesser degrees 
than required nutritionally in order to tieat neurodegeneratioa 

Compositions of the invention are preferably sterUe and pyrogen free, particularly 
endotoxin free. Secondly, they are preferably fonnulated in such a way that they can be 
palatable when givenas an additivetoanomialdiettoimprovecomplianceofthepatie^^ 



•18. 



wo 98/41201 PCT/US98/05072 



15 



30 



mtakmgthesupple^ems. TT,eoW«Klpoly.«3a«g^^ 
Fonn«la.ons of D-p-hydroxybutyrate and its mixtures ^^ acetoacetate tnay be coated 
^th ouuking agcots or may be targeted at the imcstine by «ntcrica,ly coating them or 
other^vtse encapsulating them as is well understood in the pharmaceuticals art 

5 ^^"'^^^"•^''^^containabomScalories/g.thercispreferablyacompen^^ 
decrease in the amounts of the other nutrients taken to avoid obesity. 

Particuiaradvantages of usingiheketone bodies orptecursorssuchas^^^ 
D-p-hydnwybutyrate or acetoacetate esters are: 

1) ^'^^ be eaten vdth a nomtal dietary load Of carbohydrate >vithout 
^ " impairing its effects, 

2) they will not raise blood VLDL, as with current cream and margarine 
containing diets, thus eliminating the risk of accelerated vascular disease, 
fatty liver and pancreatitis, 

3) they will have a wider range of use in a greater variety of patients 
including: type U diabetes to prevent hjTwglycemic seizures and coma, in 
Alzheimer's dkease and other neurodegenerative states to prevent death of 
nerve cells eg. hippocampal cells, and in refractory epilepsy due to either 
decreases m cerebral glucose transporters, defects in glycolysis, or so caUed 
Leigh's syndromes with congenital defects in PDH. 

nie second group of particular alternatives ^ acetoacetate esters of D-P- 
hydroxybutyrate. Esters which provide a physiological ratio of acetoacetate to D-P- 
hydroxybutyratearepr.feaedeg. from 1:1 to 1:20, more picfetably from 1:1 to MO Tbc 
tctramer of D-P-hydroxybutyrate with a terminal acetoacetate residue is particularly 
preferred. Such materials have the added virtue of having a physiological ratio of D-P- 
hydroxybutyrate/acetoacetate moieties, thus removing the burden on hver of having to 
adjust the redox stateoftheadmimsterednutriem^wthout inducing abnormal red^^^ 
hepaticINADI/tNADHlasoccurswithexcessivealcoholconstmtptioa. Tltepolytneric 
esters, depending upon their length, have decreasing ««er solubility, but are heat stable. 

Suchpolymer. can for example be used in oral andparenteralusein emulsions. Whereas 
acetoacetate, in the uncsterified state, is less ptefeaed as it is subject to spontaneous 
decarboxylation to acetone with a half time at room temperature of about 30 days 
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Examples of poly D-P^hydroxybuiyrate or te™,n,ii. 

Poly (R)3.Hydioxybutyric acid 
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CH3 H2 
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Oxidized poly (R) 3-Hydroxybulyric acid 
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chamle„g4polymer,wouldbcp™videA>^chwouldtend to smooth gut ab^^^^^ 
maintain high sustained levels of ketone over a 24 hour period. 

T^eamient may comprise provision of a significam portion of the caloric intake of 
paden« ^vith the D-Hydroxybutyxatepolyester formulated to give re^^ 
to maimain blood k«ones in the elevated range, eg. 0.5 to 20 mM, preferably 2-7 5 mM 

range overa24honr period. Release of the ketone bodies into the blood may be restricted 
by appUcation of a variety of techniques such as microencapsulation, adso^nion and the 
like which is cuixemly practised in the oral administration of a number of phannaceutical 
agents. Eaetrically coated fonns targeting deUvery post stomach may be particularly used 
^*he« the material does not require hydrolysis in acid enviromnent. Where some such 
hydrolysis is desired uncoated fonns may be used. Some forms may include enzymes 
capable of cleaving the eslcrs to release the ketone bodies sucfaa s those referred to in Doi 
Microbial Polyesters, 

Intravenous infusion of sodium salts of D-3-hydroxybutyrate has been performed 

on nonnal human subjects andpatientsforanumber of conditions, eg. those undergoing 
ti«.tmeat for severe sepsis in an intensive care unit. It was found to be non^toxic and 
capable of decreasing glucose free fetty adds and glycerol concentration, but inefective 

in decreasing leucine oxidatioa 

The monomer of D-p.hydn,xybutynte is a white, odourless aystal wifl, a slightly 

tan or acid taste wWch is less in intensity in comparisonto vinegar or lemonjuice. It can 
be fonnulated into most foodsw^, eg. drinks, puddings, mashed vegetables or inert fillers 
The acid forms of D-P-hydroxybutyrate are suitable for use oraUy as they have a pKa of 
4.4. Tliisisless acid than citric acid with pKal of3.1 and pKa2 of 4.8 and slightly more 
acidic than acetic acid with apKa of 4.7. 

Preferably, only the natural D- or (R) isomer is used in this formulation. Since in 
pract.ce it is not possible to achieve absolute isomeric purity, the article of commerce 
currently sold by Sigma, St Louis MO or Fluka,Ronk«±oma.NYis the most sui^^^ 
thispurpcse. optical rotation of the commercially available D-P-l^droxybutyratic 
IS -25»il at the wavelength of Na and its meWng point 43-46»C. n,e optical rotation of 
the NasaltofD-P-hydioxybutyrateis-14.5' and its melting point 149.153-C. Both can 
be assayed by standard enzymatic analysis using D-p^droxybuiyrate dehydrogenase (EC 
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k«on. t«„„ ,^ ^ big,^ b^au. ic^ ^ „^ „ ^ 

u«.. .. no. „v.. H«c. liv„. ^ ^ „ ^ 

.nd op™ ^ p^,^ 

unworkable. 

^.«.«oodl«.b,o*c..5„ao,.M,o.^p^^„^j^„„^ 
some resBnooo of «»clioo is to be aniicipaed. 

I>^l^bu5™or.„«boBep,«„«,r.fd«»r,o««™„6e»„^,„ 

« .umdon.. «d (i, fc, ^^^^ 

glueos. W fc, p„,i,i^ ^ ^^^^ ^ ^ ^ 

«es o, by tac.«„g the xespo^ t,,, „ 
0, p„v.«i„g «ve cen 0, ^ ^ 
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neurodegenerative disorders such as memory associated disorders such as Alzheimer's, 
seizure and related states such as encepalophies such as CJD and BSE. 

The tenn metabolic precursor thereof particularly relates to compounds that 
comprise 1,3-bufandiol, acetoacetyl or D-p-hydroxybuiyrate moieties such as acetoacetyl- 
5 1,3-butandiol, acetoacetyl- D-p-hydroxybutyrate, and acetoacetylglyccrol. Esters of any 
such compounds with monohydric. dihydric or trihydric alcohols is also envisaged. 

This aspect includes such use as a neuronal stimulant eg capable of stimulating 
axonal and/or dendritic growdi in nerve cells, eg. in Hippocampus or Substantia nigra 
particularly in diseases ^^ere neurogeneration has serious clinical consequences. 

1 0 In diabetic patients this use of these compounds allows maintenance of low blood 

sugar levels without fear of hypoglycemic complications. In nomial non-diabetic subjects 
the fasting blood sugar is 80 to 90 mg % (4.4-5mM) rising to 130mg % (7.2inM) after a 
meal. In diabetics 'tight control' of diabetes has long been recommended as a method for 
retardation of vascular complications but, in practice, physicians have found it difficult to 

15 keep blood sugars tightly controlled below ISOmg % (8.3 mM) after eating because of 
Jiypoglycaeniic episodes. Hypoglycacmic coma occurs legulariy in noimal subjects whose 
blood sugar drops to 2 mM. As discussed earUer, (62, 63) in the presence of 5mM blood 
ketones there are no neurological symptoms vAsa blood sugars fall to below 1 mM. 

The present inventor has determined that supplementing type II diabetics with 

20 ketone bodies would allow better control of blood sugar, thus preventing the vascular 
changes in eye and kidney which occur now after 20 years of diabetes and which are the 
major cause of morbidity and mortality m diabetics. 

Where the therapy is aimed at seizure related disorders, such as refractory epilepsy 
as is treated by the ketogenic diet, thmpy is improved by use of ketone bodies, their 

25 polymers or esters or precursors such as butandiol compounds, due to the reduction or 
eUmmation of high Upid and carbohydrate content. Such patients include diose with genetic 
defects in the brain glucose transporter system, in glycolysis or in PDH itself such as in 
Leigh's syndrome. 

Particular disorders treatable with these medicaments are applicable to all 
30 conditions involving PDH blockage, including Oiose conditions occuring after head trauma, 
or involving reduction or eleimination of acetyl CoA supply to the mitochondrion such as 
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insulin coma and hypoglycaemia. defects in the glucose transporter in the brain or in 
glycolytic enzyme steps or in pyruvate transport. 

Preferably the hydroxybutyrate is in the form of non-racemic D-P-hydroxybutyraxe 
and more preferably it is administered in a form which ako supplies acetoacetate. 
5 Preferably the metabolic precursor is one which when administered to a human or animal 
body is metabolised, eg. by liver, to produce one or both of D-P-hydroxybutyiatc and 
acetoacetaie, more preferably in a physiological rado. Particularly preferred are poly-D-p- 
hydroxybutyric acid or acetoacetoyl-P-hydioxybutyratc oligomers or an ester of one or both 
of these. Lower alkyl esters such as C,^ alkyl esters may be employed but more preferably 

10 are more physiologically acceptable esters such as the respective l>butandioi esters, 
particularly employing (R)-l,3-butandiol. Most preferred are the acetoacctyl- tii-, tetia- and 
penta- D-p-hydroxybutyrate esters. Ester precursors will include esters of 1,3-butandiol, 
preferably (R) form and particularly acetoacetate esters such as acetoacetyl glycerol. 

Preferred poly D-P-hydroxybutyrate esters are those which are esters of the 

IS preferred oligomers of 2-100 repeats, eg. 2-20 repeats most preferably 2-10 repeats. 

Where the medicament or nutritional product of the invaition is for use witiiout 
prolonged storage it is convenient to use it in the form of a liquid or solid composition 
comprising the hydroxy substimted carboxylic acid and/or the ketone, preferably 
comprising both and where these are the D-p-hydroxybutyrate acids and acetoacetate 

20 togetherpreferablyintheratioofabout3:l to 5:1, morepreferably about 4:1. 

Where the medicament or aid comprises acetoacetate it is preferably not stored for 
a prolonged period or c^qposed to temperatures in excess of 40**C. Acetoacetate is unstable 
on heating and decomposes violently at 100*C into acetone and CO.. In such 
circumstances it is preferred that acetoacetate is generated by the composition on contact 

25 with the bodies metabolic processes. Preferably the composition comprises an ester 
precursor of actetoacetatc. For example, the ethyl ester of acetoacetate is relatively stable 
with a boiling point of 1 80. 8^*0. 

Still more preferably, the medicament or aid comprises an acetoacetyl ester of D^P- 
hydroxybutyrate or such an ester of an oligomer of D-P-hydroxybutyrate as described. This 

30 may be supplemented with D-P-hydroxybutyrate or one of the polymers of that, e.g. oligo- 
D-p-hydroxybutyrate, in order to bring about the preferred ratio of the two components. 
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Such a composition wiU provide the two preferred components when the ester and polymer 
are metabolised in the stomach or in the plasma of the human or animal which has 
consumed them. Again an (R) 1 ,3-butandiol ester of the acetoacetyi-D-p-hydroxybutyrate 
may be most preferred as it will be more hpophilic until metabohsed or otherwise 
5 deesterified and all its components are convereted to the desired ketone bodies. 

A second aspect of the invention provides novel esters of acetoaceiate for use in 
therapy or as a nutritional aid. Such esters may include C,^ alkyl esters but most preferred 
are the D-P-hydroxybutyryl-acetoacetate esters referred to above. 

A third aspect of the present invention provides a poly-D-p-hydioxybutyrate for use 
10 m therq)y, particularly where this is in a fomi selected for its ability to be degraded in acid 
conditions of the stomach or by esterases in vivo. 

A fourth aspect of the invention provides a method for the synthesis of 
D-p-hydroxybutytyi-acetoacetate esters con^irising die reaction of acetoacetic acid halide, 
e.g. aceioacctyl chloride, with D-p-hydroxybuiyiaie. Preferably this is achieved by reacting 
15 acetoacetic acid with an activating agent, such as thionyl chloride, to produce the acid 
chloride. 

A fifth aspect of the present invention provides a method for the synthesis of 
D-p-hydroxybutyryl-acctoacetate esters comprising the reaction of D-P-halobu^rate or its 
oligomers with acetoacetic acid, activated forms thereof or diketene . 

20 A sixth aspect of the present invention provides a D-P-hydroxybuQnryl-acetoacetate 

ester per se, a physiologically acceptable salt or short or mdium chain mono« di or trihydric 
alcohol or 1,3-butandiol estsr thereof. 

A seventh aspect of the present invwition provides poly-D-P-hydroxybutyrate 
together with a pharmaceudcally or physiologically acceptable carrier. 

25 An eighth aspect of the present invention provides a composition comprising 

D-p-hydroxybucyrate and acetoacetic acid in a ratio of from 1;1 to 20:1, more preferably 
2:1 to 10:1 and most preferably from 3:1 to 5:1 together with a pharmaceuticaily or 
physiologically acceptable carrier. Preferably the ratio of these components is about 4: 1 . 
Stich a composition does not consist of plasma, senm or animal or plant tissue already used 

30 as a medicament or foodsmff, thus it is that which is preferably sterile and pyrogen free. 
Particularly the ketione bodies comprise at least 5% of the composition by weight, more 
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preferably 20% or more and most preferably 50% to 100%. The composition may be 
adapted for oral, parenteral or any other conventional form of administration, 

A ninth aspect of the present invention comprises a method of treating a human or 
animal in order to increase their cardiac efficiency comprising administering to that person 
at least one of a materials for use in the first to eight aspects of the invention. 

A tenth aspect of the present invention conq)rises a method of treating a human or 
animal in order to increase their the response to insulin comprising administering to that 
person at least one of a materials for use in the first to eight aspects of the inveniioa 

An eleventh aspect of the present mvcntion comprises a method of treating a human 
or animal in order to treat an insulin resistant state comprising administering to that 
person least one at least one of a materials for use in the first to eight aspects of the 
invention. 

By insulin resistant state herein is included fbnns of diabetes, particularly those tiiat 
do not respond fiilly to insulin. 

A twelvth aspect of the invention provides a method of Treating a human or animal 
in order to treat a nerve cell, eg. brain cell, death or damage related disorder as refeiied to 
for the first aspect, particularly a neurodegenerative disorder eg. such as those related to 
neurotoxic conditions such as presence of amyloid protein, eg. a memoiy associated 
disorder such as Alzheimer's disease, or epilq)tic seizures, comprising administering to that 
person least one at least one of a materials for use in the first to eight aspects of the 
inventioiL 

Preferred methods of the ninth to twelvth aspects of the invention use the preferred 
ketones and polyacids and acid esters of the inventiotL 

Methods of preparing poly D-p-hydroxybutyrate are not specifically claimed as 
these are known in the art. For example Shang et al, (1994) Appli. Environ. Microbiol. 60: 
1 198-1205. This polymer is available commercially from Fluka Oiemical Co. P1082, 
cat#81329, 1993-94, 980. Second St. RonkonkomaNY 11779-7238, 800 358 5287. 

Particular advantages of use of the biologically available polymers of the invention 
include the reduction in the amount of counter ions such as sodium that have to be 
coadministered with them. This reduction in sodium load is advantageous particularly in 
ill health. By biologically available is meant those materials which can be used by the 
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body to produce the least one of a D-P-hydroxybutyrate, acetoacetate and a mixture of tiicse 
in physiological ratio as described above 

The amount of ketone bodies used in treamicnt of neurodcgeneration such as 
Alzheimer's and Parkinsonism will preferably elevate blood levels to 0.5mM to 20mM eg 
5 2mM to 7.5mM as described above. The present inventor estimates that 200 to 300g (0.5 
pounds) of ketone bodies per patient per day mignt be recpiired to achieve this. Where the 
treatment is through maintenance of ceUs against Ae effects of ncurotox in this may be at 
a higher level, eg. 2 to 7.5mM in blood. Where it relies on the nerve stimulatory factor 
effect of the D-p-hydroxybutyrate so produced the amount administered may be lower, eg. 

1 0 to provide 0.2 to 4 mM, but can of course be more for this or other disease. 

It will be realised that treatment for neurodegenerative diseases such as Alzheimer's 
will most effectively be given soon afta: identifying patient's with a predisposition to 
develop the disease. Thus treatment for Alrfieimers' most eflSsctively follows a positive test 
result for one or more conditions selected from the group (i) mutations in the amyloid 

15 precursor protein gene on chromosome 21, (ii) mutations in the picsenilin gene on 
chromosome 14, (iii) presence of isoforms of apolipoprotein E. Other tests shown to be 
indicative of Alzheimer's will of course be applicable. 

Following such a positive test result it will be appropriate to prevent the 
development of memory loss and/or other neurologicai dysfunction by elevation of the total 

20 sum of the concentrations of the ketone bodies D-p-hydroxybutyrate and acetoacetate in the 
patient's blood or plasma to say between 1.5 and 10 mM, more preferably 2 to 8mM, by 
one of several means. Preferably the patient is fed a diet of sufficient quantities of D-p- 
hydroxybutyrate, its m^bolisable polymers, its acetoacetate esters or their precursors (R)- 
1,3-butandiol and its acetoacetate esters, eg. acetoacetyl glycerol, or its administered 

25 intravenously or intrartezially the ketone bodies D-p-hydroxybutyrate and acetoacetic acid. 
All of die organic materials referred to above are optionally in salt or ester form. Examples 
of typical physiologically acceptable salts will be selected from sodium, potassium, 
magnesiimi, L-Lysine and L-arginine or eg. more complex salts such as those of methyl 
glucamine salts.. Esters will be those as described previously for other aspects of the 

30 invention. 

A still further aspect of the invention provides the ketone bodies of the invention 
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by suitable control of diet Thus this aspect provides a method of ticatmcni of a human or 
animal for a disorder of one or more of the ninth to the twelvth aspects of the invention 
comprising one of (i) total fasting of the individual and (ii) feeding the individual a 
kctogcnic diet eg. of 60-80% lipid with carbohydrate content 20% or less by weight 

For the puipose of treaing seizures, eg. in epilepsy, a diet may involve ad lib 
ingestion of carbohydrate by oral or enteral route or of the compounds specified above. 

In all these treatments other than the ketogenic diet there is the improvement thai 
a method of avoiding drop in blood ketones which accompanies the ingestion of excess 
carbohydrate and a method which avoids feeding of excess lipid which accelerates the 
synthesis by liver of fatty acids and cholesterol which would otherwise contribute to 
vascular disease. 

It will be realised that hypoglycemic brain dysfunction will also be treatable using 
the treatments and compositions and con^jounds of the present invention. A further 
property associated with the present treatment will be general improvement in muscle 
performance. 

The provision of ketone body based foodstuffis and medicaments of the invention 
is feciliated by the ready availability of a number of relatively cheap, or potentially che^, 
starting materials from vAnch (R)-3-hydroxybutyric acid may be derived (see Microbial 
Polyesters Yoshiharu Doi. ISBN 0-89573-746-9 Chapters 1.1, 3.2 and 8). The availability 
of genes capable of insertion into foodstuff generating organisms provides a means for 
generating products such as yoghurts and cheese that are enriched in either poly-(R)-3- 
hydroxybutyric acid or, afker breakdown with enzymes enable of cleaving such polymers, 
with the monomeric substance itself (see DoL Chapter 8). 

The present mvention will now be described further by way of illustration only by 
reference to the following Figures and «q>erimental examples. Further embodiments 
falling within the scope of the invention will occur to those skilled m the art in the light of 
these. 
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FIGURES 

Figure 1 is a graph showing blood (R)-3-hydioxybutyrate level produced after time after 
gavage of (R)-3-hydroxybutyraie, an oligomer of this as produced in Example 1 and an 
5 acetoacetyl monomer therof as produced in Example 2. 

EXAMPLES 

EXAMPLE L 

10 Preparation of oligomers of (RV3-hydroxybutvric acid fP-B-hydroxybutyrate). 

(R )-3-hydroxybinyric acid (Fluka-5.0g: 0,048molc), p-toluene sulphonic acid 
(a025g) and benzene (lOOml) were stined under reflux withn a Dean-Stark trap 
arrangement for 24 hours. The reaction mixture was cooled and the benzene evaporated in 
vacuo (0.5mm Hg). 4.4g of colourless oil was obtained of which a 20mg sample was 

1 5 convened to the methyl ester for analysis of number of monomer repeats using NMR. 
These studies show that the product is a mixture of oligomers of D-P-hydroxybutyrate of 
avaerage number of repeats 3 .75, being mainly a mbcture of trimers, tetrameis and pentamers 
with the single most abundant material being the tetramer. The product mfacnire was soluble 
m 1 equivalent of sodium hydroxide. 

20 

EXAMPLE 2. 

Preparation of acetoacetyl ester of oligomeric (RV3-hydroxybutyric acid 

A further batch of the colourless oil product from Example 1 (4.5g) was heated for 
1 hour at 60*C with diketene (3,8g) and sodium actetate (0.045g) under nitrogen. Further 

25 diketene (3.8g) was added and the reaction heated for a further hour, cooled and diluted 
with ether, washed with water and then extracted with samrated sodium bicarbonate (5 x 
100ml). Combined extract was washed with ether then acidified with concentrated HCl 
(added dropwise). Ethyl acetate extraction (3 x 50ml) was followed by drying over 
magnesium stilphate and evaporation in vacuo. A yellow solid/oil mixture was obtained 

30 (7.6g) vAuch was chromatographed on a silica colunm using dichloromethane/methanol 
(98:2) to give a light amber oil product Faster moving impurities were isolated (1 .6g) and 
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after recolumning carbontetrachloride/mcthanol (99: 1) 0,8g of oil was recovered which ^ 
shown by NMR and Mass spectrometiy to be the desired mixture of acetoacetylated 
oligomers of D-p-hydroxybutyrate. The product mixture had an Rf of 0.44 in 
dfchloromethane/mcthanol (90:1) and was soluble in I equivalent of sodium hydroxide. 
Both products of Example 1 and Example 2 are susceptible to separation of individual 
components by preparative HPLC. 



EXAMPLE 3. 

Oral administratioQ of D>P->hydroxybuty rate, oligomefs and acctoacetyl D-P-hydroxvbutyrate 

10 oligomers to rats. 

The ability of oraUy administered D-p-hydnoxybutyratc and the oligomers of Examples 
1 and 2 to raise blood ketone body levels was investigated as follows. Rats were starved 
overnight and then gavaged with 100 »il/100g bodywcight of 4M D-p-hydioxybutyiate brought 
to pH 7.74 using methyl glucamine. Blood levels of D-Hydroxybutyrate measured usmg and 

15 NAD+/EDTA assay of Anal. Biochem, 131, p478^82 (1983). 1.0ml of a solution made up 
from 2-amino-2-metiiyl-l.propanol (lOOmM pH 9.9, 0.0945/lOml), NAIH (30mM, 
0.199g/10ml) and EDTA ( 4mM, 0.015g/10ml) was added to each of a number of cuvettes and 
4^1 sample or D-P-hydroxybutyratc control. 

As the rats had been fasted the initial levels of D-p-hydroxybutyrate were elevated 

20 from the O.lmM fed state. However, consistent scrum increases of D-p-hydrojQfbutyrate, 
between 1 and 3.2mM increase in each case» were provided. 

This procedure was repeated with 2M solutions of the mixtures of D-p- 
hydroxybutyrate oligomers and their acetoacctyl esters described in Examples 1 and 2. The D- 
p-hydroxybutyrate oligomer(19/l in Figure 1) and the acctoacetyl ester (20/4 in Figure 1) were 

25 both brought to pH 7.6 with methyl glucamine and tfie blood D-P-hydroxybutyrate level 
monitored using the aforesaid assay procedure. Increases in serum D-P-hydroxybutyrate were 
shown to be of 0.5 to 1.2mM at 60 and 120 minutes after gavaging. These results demonstrate 
the efficacy of orally administered D-p*hydroxybutyrate and its metabolic precursors of the 
invention in raising blood levels significamly for a period of hours after intake. 

30 It was noted tiiat the oligomeric esters 19/1 and 20/4, while not elevating the blood 

ketone body level as high as tiie monomer itself did result in elevation for a much longer 
period of time and thus are smted to adminsitration less frequcntiy than the monomer. 
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EXAMPLE 4. 

Table 2. Sample ISOO calorie ketogenic diet using ketone bodies, their esters or polymers. 
The ketones vvere assumed to contain 6 kcal/g, fats 9 kcal/g, carbohydrate and protein 4 
kcal/g. Ketones have been substituted to give equivalent calories. 



Breakfast 

egg 

apple juice 
ketones 
skim milk 
Total Breakfast 



Amount (g) Fat(g) Protein (g) CHO(g) Ketones (g) 



32 
70 
66 
92 



0 
4 



2 
6 



3 
10 



66 



66 



Lunch 

lean beef 
cooked carrots 
canned pears 
ketones 
skim milk 
Total Lundi 



12 
45 
40 

69.75 
92 



1,75 



1.75 



3.5 
0.6 



2 

6.1 



3 
4 

3 
10 



69.75 



69.75 



Supper 

&ankiurter 
cooked broccoli 
watermelon 
ketones 
skim milk 
Total Supper 



22J 

50 

75 

62.25 
92 



2 
6 



2 

5 

3 

10 



62.25 
62.25 



Daily Total 



11.75 



18.1 



30 



198 
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EXAMPLE S. 

Eilect of increased blood D-3-hyclroxvbutyratc levels on whole b rain G ABA levels. 

To assess ihe efleci of D-p-hydroxybulyrale on whole brain GABA levels, and 
thus provide an indication of aaaticpileptic effect of ketone body or precursor treatment 
5 aimed at increasing blood ketone body levels, whole rat brain was frozen at set times 
after administration of D-P-hydroxybutyrate as described in Example 3. GABA was 
assayed using standard HPLC technique and related to protein content using standard 
protein assay. At t=0 GABA levels were 19lpmoles/>xg protein while at 120 minutes 
this was elevated at 466pmoles/|igprotcin, demonstrating antepileptic potential. 

10 

EXAMPLE 6 
Methods 

Culture Medium and Chemicals 

The serum free medium u.scd from 0 to day 4 contained Neurobasal medium with 

1 5 B27 supplement diluted SO fold (Life Technology, Gaitliersburg, MD) to which was added: 
0.5 mM L-glutamine, 25 \iM Na L-glutamatc. 100 U/ml penicillin and 100 jig/ml 
streptomycin. After day 4, DMEM/F12 medium conlaining 5 ^iM insulin. 30 nM 1- 
thyroxine, 20 nM progesterone, 30nM Na selenite 100 U/mi penicillin and 100 jtg/ml 
slrepiomyein were used. 

20 Ilippocampal Microtsland Cultures 

The primary liippoeampal cultures were removed from Wistar embryos on day 
18 and dispersed by gentle aggitation in a pipette. Tlie suspension was centrifuge at 
1 ,500 X g for 10 min and the stipcrnatant discarded. New media was make 0.4-0.5 x 10* 
cells/mL Ten jil of this suspension was pipetted into the center of poly D-lysine coated 

25 eulnirc wells and the plates incubated at 38*0 for 4 hrs and then 400 \ii of fresh 
Neurobasal media was added. After 2 days of incubation, half of the media was 
exchanged for fresh media and the incubation continued for 2 more days. After day 4, 
the medium was changed with DMEM/F12 medium containing 5\iM insulin, 30 nM 1- 
thyroxme. 20 nM progesterone, 30 nMNa .selenite 100 U/ml penicillin and 100 ^ig/ml 

30 strcplofnyein. The wells were divided into 4 groups: half the wells received Na o-p- 
hydroxybulyrate to a final concentration of 8 mM while and lialf of the wells received 5 
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nM amyloid P,.42 (Sigina). These media were exclmnged 2 days later (day 8) and the 
cells were fixed on day 10 and stained with anti MAP2 (Boehringer Manhcim, 
Indianapolis IN) to visual neurons and vinieiiiin and GFaP (Boehringer) to visualize 
glial eells, 
5 Results 
Cell Counts 

Addition of D-p-hydroxybutyrate to tlic incubation resulted in an increase in ihe 
neuronal cell number per niieroislaud from a mean of 30 to mean of 70 cclLs per 
mieroisland. Addition of 5 nM amyloid P,^j to the cultures reduced the cell numbers 

10 from 70 to 30 cells per mieroisland, confirming the previous observations of Hoshi et al, 
that amyloid P,^2 ^^^'^ hippocampa! neurons. Addition i>-P"hydroxybutyrate to 
cultures containing amyloid p,^2 increased the cell number from a mean of 30 to 70 cells 
per mieroisland. From these data wc conclude that addition of substrate level quantities 
of £>-p-hydroxybulyrate, to media whose major nutrients are glucose, pyruvate and l- 

15 glutamine, slows the rate of cell death in cuhure. We fiulher conclude that d-P- 

hydroxybutyrate can decrease the increased rate of hippocampal cell death caused by the 
addition of amyloid p,^2 in culture, 

Tlie number of dendritic outgrowths and the length of axons were both observed 
to have increased with presence of u-p-hydroxybutyrale, whether p,^2 ^as present or 

20 not. This is indicative of nerve growth factor like behaviour. 
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CLAIMS, 

1 . The use of a compound selected from acctoacciate, D-p-hydroxy buiyric acid and/or a 
metabolic precursor or physiological acceptable salt of cither in the manufacture of a 

5 medicamenc or nutritional product 

(0 for increasing cardiac efficiency 
(ii) for treating diabetes and insulin resistant states and/or 
(iil) for reversing, retarding or preventing the effects of ncuix>dcgenerati ve disorder 
and epilepsy. 

2. Use as claimed in claim 1 wherein the neurodegenerative disorder is one associated with 
neurotoxic protein plaques. 

3. Use as claimed in claim 1 wherein the metabolic precursor comprises (R)-l ,3-butandiol. 
acctoacetyi or D-P-hydroxybutyryl moieties. 

4. Use as claimed in claim 3 wherein the metabolic precursor is an ester. 

5. Use as claimed in claim 4 wherein the esters are monohydric, dihydric or trihydric 
alcohol esters. 

6. Use as claimed in claim 1 where the esters are acctoacetate esters. 

7. Use as cly imcd in claim 1 where the esters are esters of D-p-hydroxybutyratc or esters 
of oligomers or polymers of D-P-hydroxybutyrate 

8. Use as claimed in any one of the preceding claims wherein compounds are of formula 



15 




or 
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5 9 
10 
II 
12. 

10 13. 



or physiologicial acceptable salts or esters thereof 

wherein in each case n is selected such that the polymer or oligomer is readily 
metabolised on administration to a human or animal body to provide elevated ketone 
body levels in blood 

Use as claimed in claim 8 wherein n is an integer of 0 to 1,000. 

Use as clairned in claun 9 wherein n is an integer of 0 to 200. 

Use as claimed in claim 10 wherein n is an btcBcr of 3 to 5. 

Use as claimed in claim 1 wherein the racdicamcnl provides D-^-hydroxybutyratc and 

aceloacetale in a ratio ofl : I to 20:1 . 

A compound of formula 



HO 



H 

.1 
C 

^ " c 

CH3 H2 



H 0 
CH3 H2 



H 



CH3 "2 



or 




Jn 



or physiologicial acceptable salts or esters thereof. 
15 wherein in each case a is selected sueh that the polymer or oligumer is readily 

metabolised on administration 10 a human or animal body to provide elevated ketone 
body levels in blood. 

14. A compound as defined in claim 13 wherein the esters arc monohydric, dihydric or 
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trihydric alcohol esters 

15. A compound as claimed in claim 14 wherein the ester is of (R)-1 ,3-butandiol. 

1 6. Poly-D-p-hydroxybutyralc for use in therapy. 

17. A meihod for the synthesis of D-P-hydrox.ybulyry 1-acetoacetate or poly or oligo-D-P- 
5 hydroxybuty ry l-acetoacctatc esters comprising the reaction of acetoacclic acid halide 

with D-p-hydroxybulyrate or poly- or oligo-D-p-hydroxybulyrate. 
1 S. A method &s claimed in claim 17 comprising reacting acetoacetic acid with an activating 
agent to produce the acid halide. 

19. A mctliod for the synthesis of D-p-hydroxybutyiyl-acctoacclatc esters comprising the 
10 reaction of D-P-halobutyratc with acctoacctie acid. 

20. A method for synthesis of D-p-hydroxybutyryl-acetoacetate or oligo- 
D-P-hydroxybutyryUacctoacclate comprising reacting D-p-hydroxybutyryic acid with 
diketene. 

21. A method as claimed in claim 20 wherein the reaction is carried out in the presence of 
IS sodium acetate. 

22. A method as claimed in claim 21 wherein the reaction is carried out under nitrogen. 

23. A coiTijTosition comprising D-P-hydroxybutyratc and accloacclctaie in a ratio of fiom 1 :1 
to 20:1 , or respective metabolic precursors thereof providing such ratio on metabiolism 
in vivo, optionally togcttier with a pharmaceutically or physiologically acceptable 

20 carrier. 

24. A composition as claimed in claim 23 wherein the ratio is from 3:1 to 5: 1 . 

25. A metliod of treating a human or animal in order to increase their cardiac clficicney 
comprising administering to them D-p-hydroxybutyiie acid, optionally together with 
aecloacclate, or a metiibolic precursor or physiological acceptable salt of either such as 

25 to clcvaic the blood level of said O-p-hydroxybulyric acid. 

26. A mclhod of trealing a human or animal in order to increase their the response to insulin 
comprising administering to them at least one of D-p-hydroxybutyric acid, acetoacetate, 
or a metabolic precursor or physiological acceptable salt of either such as to elevate the 
blood level of D-p-hydroxybutyric acid and/or aeeioacetatc. 

30 27. A method of treating a human or animal in order to treat an insulin resistant sute 
comprising administering to them at least one of D-P-hydroxybuiyric acid, acctuacetate, 
or a meuibolic precursor or physiological acceptable salt of either such as to elevate the 
blood level of D-p-hydroxybutyric acid and/or aceloacclate. 
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28. A method of treating a human or animal in order to treat a neurodegenerative disorder 
comprising administering lo ihem at least one of D-P-hydroxy butyric acid, aceloacetate, 
or a metabolic precursor or physiological acceptable salt of either such as to elevate the 
blood level of D-3-hydroxybutyric acid and/or acetoacclute. 
S 29. A method as claimed in any one of claims 1 9 to 21 comprising administering ajiy one 
of the compounds described in claims 1 lo 16. 

30. A mclhod as claimed in any one of claims 19 to 21 wherein the ketone bodies are 
provided by control of diet causing metabolic elevation of these compounds. 

31. A method of synthcsising an oligomer of D-p-hydroxybutyric acid compring heiiting a 
10 solution of D-P-hydroxybiilyric acid in a solvent until an oligomer of a desired number 

of repeats is produced. 

32. A method as claimed in claim 3 1 wherein the desired number of repeats is from 
2 to 10 

33. A mctliod as claimed in claim 32 wherein the solvent is aprotic. 
15 34. A method as claimed in claim 33 wherein the solvent is aromatic. 

35. A method as claimed in claim 34 wherein the reaction is carried out in the presence of 
an organic acid. 

36. A ractliod of treating a human or animal CNS cell, pcriphera! nerve celL heart cell, or 
otlicrwisc insulin insensilivc cell in need of therapy for one or more of 

20 neurodegeneration, metabolic inefficiency or GABA preveniable seizure, or inability 

lo metabolise glucose, comprising administering to thai cell at least one of D-p- 
hydroxybutyric acid, acetoactate, or a metebolic precursor or physiological acceptable 
salt of either 

25 
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